SUMMARY We report three cases of corrected transposition (CT), all with Ebstein's disease, ventricular septal defect (VSD) and ventricular preexcitation. In cases 1 and 2, the ECG revealed sinus rhythm, with type A fusion preexcitation QRS complexes, suggesting left-sided Kent bundles and intact conduction system (CS). Complete serial section (SS) of the CS in both cases revealed an anterior CS and a Kent bundle in the posteroseptal wall of the morphologic right ventricle (MRV). Case 3 had intermittent preexcitation, with periods of complete atrioventricular (AV) block with narrow QRS escape rhythm. The preexcitation complexes suggested the presence of a left lateral Kent bundle. SS of the CS revealed a blind posterior and two anterior AV nodes, one on either side of the pulmonary trunk. The left anterior AV node was blind. The right anterior node formed the anterior bundle, which ended blindly. This bundle emerged again and joined a posterior bundle to form an interrupted sling around the closed VSD. In addition, there was a tenuous Kent bundle at the posterolateral wall of the MRV. In summary: (1) preexcitation in CT with Ebstein's disease of the left AV valve is associated with Kent bundles; (2) fusion complexes reflected intact CS; and (3) intermittent preexcitation with AV block was associated with the presence of tenuous Kent bundle and discontinuity of the CS.
THE ANATOMIC SUBSTRATE for preexcitation in hearts with corrected transposition has only occasionally been reported. ' We examined serial sections of the entire heart in three patients with mixed (discordant) levocardia with ventricular inversion -corrected transposition -who had ventricular preexcitation. All three had associated ventricular septal defects and Ebstein's malformation of the left atrioventricular (AV) valve. The first two patients had anterior conduction systems, as well as anomalous AV pathways, the sites of which were predicted. In the third patient, who had intermittent preexcitation with AV block, pathologic study demonstrated a major disruption of a malformed conduction system in addition to a tenuous anomalous pathway.
Definitions By the term levocardia, we mean that the base-apex axis of the heart points to the left. By the term mixed (discordant) levocardia, we mean that in a heart with levocardia, the atria and ventricles do not correspond. This is due either to atrial inversion or ventricular inversion. By the term corrected transposition, we mean that despite the inversion of the atria or ven-tricles, the circulation is physiologically corrected; that is, unaerated blood proceeds to the lungs and aerated blood to the aorta.
Case 1
The clinical, electrocardiographic and gross pathologic findings are listed in table 1 .
The ECG showed findings consistent with preexcitation and a left posterior anomalous pathway ( fig. 1 ). Because the QRS was narrow, there was probably fusion of two wave fronts, one anomalous and one via a normal pathway, which may have been inverted.
Microscopic Examination of the Conduction System
The entire heart was studied except for the apex.
Methods
The sinoatrial node with its approaches were taken as one block and were serially sectioned. Anterior A V Bundle The above node penetrated the annulus of the pulmonary trunk and formed the penetrating part of the bundle of His. This bundle then proceeded anteriorly on the parietal wall of the morphologic left ventricle, reached the superolateral junction of the ventricular septal defect and divided in two. One part was degenerated and the other infiltrated with red cells and mononuclear cells. At the distal margin of the defect, the left and right bundle branches were derived from the intact bundle.
Right and Left Bundle Branches
These showed considerable hemorrhage.
Left A V Rim A small bundle of Kent (atrioventricular), consisting of ordinary working cells, was present in the angle between the posterior wall and the septum and measured less than 100 g in width (figs. 2, 3). Another Kent bundle measuring less than 100 g was present in the posterior wall.
Case 2
The clinical, electrocardiographic and gross pathologic findings are described in table 1.
The ECG was consistent with a left-sided anomalous pathway (fig. 4) . The narrow QRS suggested fusion with a normal AV pathway. 833 VOL 62, No 4, OCTOBER 1980 Approaches to the Sinoatrial Node A moderate amount of mononuclear cell infiltration was present.
Posterior A V Node This was well formed and markedly infiltrated with mononuclear cells. This was not connected to a bundle of His. A bundle-like structure, however, was present on the summit of the ventricular septum and was diffusely connected to the septum. 
Microscopic Examination of the Conduction System
The entire heart, except for the apex, was examined in a manner identical to that in case 1; 7900 sections were studied.
Findings Sinoatrial Node
This was normally situated with moderate mononuclear cell infiltration.
The approaches to the anterior AV node, the node, AV bundle and bundle branches were similar to those described for case one. Microscopic Examination of the Conduction System This heart was examined in the same way as the other two cases. A total of 8816 sections was studied.
Findings
The sinoatrial node was normally situated and no abnormalities were found in the approaches to the sinoatrial node or the posterior AV node. Discussion Preexcitation in patients with congenital heart disease,'38 especially in corrected transposition', 6, 7, 9-11 has been well documented. An anatomic substrate for preexcitation in this entity has been documented in one case.' In a criss-cross heart in levocardia, with the atria in situs solitus and the ventricles inverted (discordant) with type A preexcitation, Symons et 14 This report deals with an anatomic substrate for preexcitation in three cases, one of whom had AV block.
In the first two cases the ECG revealed type A fusion preexcitation QRS complexes, suggesting a leftsided Kent bundle and an intact conduction system. Serial sections of the conduction system in both cases revealed an anterior conduction system and a Kent bundle in the posterior wall of the morphologic right ventricle.
Case 3 had sinus rhythm with intermittent conduction over an accessory pathway. When not preexcited, complete AV block with a junctional escape rhythm and a narrow QRS pattern was noted. The conduction system had three AV nodes, a normal posterior and right and left anterior nodes, one on either side of the pulmonary trunk. The usual right anterior node formed a bundle that ended blindly in the pulmonic-mitral annulus. -LBB anteriorly to meet the anterior bundle around the superolateral margin of the ventricular septal defect.
Thus, an interrupted "M6nckeberg sling" was formed, one interruption being in the anterior bundle and one in the posterior. The bundle branches were derived from the anterior part of the sling. Kent fibers were present on the posterolateral wall of the morphologic left ventricle. The anatomic common denominator in all three cases was the ventricular septal defect and Ebstein's malformation of the left AV valve. As has been documented clinically and anatomically, preexcitation is frequently associated with Ebstein's disease when it occurs as an isolated malformation with AV concordance.3 f 81 15 Our present work indicates that preexcitation may be present when Ebstein's malformation of the left AV valve is associated with corrected transposition (AV discordance). However, the Kent bundle connections were somewhat different in each heart. In cases 1 and 3, the Kent connections were narrow. In case 2, profuse AV connections were present both posteriorly and also anterolaterally. Case 2 was the oldest child in our series. It has been reported clinically that the preexcitation and supraventricular arrhythmias in infants disappear as they grow older.3' 8, 16, 17 The Wolff-Parkinson-White syndrome has been reported in many types of congenital heart disease besides corrected transposition, such as coarctation of the aorta,3' 7 The unusual conduction system in case 3 needs further discussion. The formation of an interrupted "Mdnckeberg sling" in corrected transposition with AV block has been reported.14 A complete sling without AV block is probably one of the types of conduction systems in corrected transposition.
The Wolff-Parkinson-White syndrome with AV block has usually been reported in the absence of apparent congenital heart disease.35 47 Case 3 is the first case, to our knowledge, in which an anatomic substrate has been described in a heart with corrected transposition, Wolff-Parkinson-White syndrome and AV block.
Electrocardiographic Correlations
The electrocardiographic diagnosis ( Using the QRS morphology to predict the site of preexcitation assumes the absence of major anatomic abnormality, which might significantly affect the distribution of QRS forces. All of our patients had major congenital heart disease. Despite these difficulties, the ECGs proved to be reasonably accurate in predicting pathologic findings. Preexcitation had been diagnosed in all three children, and in all three, anomalous pathways connecting atria and ventricles were found by examining serial sections of the AV rings. In all three patients, preexcited QRS complexes (and A waves) were predominantly upright in V1, suggesting that anomalous pathways were leftsided. This was confirmed by pathologic examination.
In cases 1 and 2, QRS complexes were relatively narrow, suggesting that the ventricles were activated by fusion wave fronts (normal and anomalous), implying the presence of an intact normal conduction system in addition to the anomalous AV connections. This fusion is hypothesized and cannot be proved without epicardial mapping or other recording techniques that demonstrate the actual fusion of two wave fronts. However, the pathologic findings that demonstrated a normal conduction system (normal for a patient with corrected transposition) supported this hypothesis. In case 1, we predicted a left posterior anomalous connection. In case 2, however, we could not predict the exact location on the left side. In this case the upright R (A wave) in aVL suggested the presence of a left-sided anomalous pathway. The presence of positive initial forces in leads I, II, III and aVL made further localization difficult. However, the pathologic examination revealed copious left-sided connections, so it is possible to speculate that the QRS morphology reflected initial ventricular depolarization from both left posterior and left lateral inputs.
In case 3, intermittent preexcitation was noted, implying the presence of an anomalous pathway that had impaired ability for antegrade conduction. Histologically, this correlated with a somewhat tenuous anomalous connection between the left atrium and the left-sided ventricle, although this connection was not significantly different in appearance compared with the anomalous connections found in cases 1 and 2. In case 3, AV block was noted when anomalous pathway conduction failed. This block was electrocardiographically complete and characterized by a rhythm implied impulse formation in a bundle of His, which was in continuity with both bundle branches. These electrocardiographic predictions were confirmed, in that pathologic examination revealed complete interruption of the AV conduction system and a His bundle sling (distal to the discontinuity, which was in continuity with both bundle branches).
